The tumour apoptotic pattern is described as a good predictor of outcome in patients with prostate cancer (PCa). So far no authors have evaluated the role of apoptotic characteristics in patients who have undergone radical prostatectomy (RRP) alone. The aim of the present study is to estimate the prognostic role of the apoptotic index (AI) in a group of patients with prostatic adenocarcinoma subjected to RRP with no adjuvant therapy. Fifty patients underwent RRP according to standardised techniques and the surgical specimens were analysed histologically. In order to evaluate the AI and correlate these results with the follow-up data, we used a standardised apoptotic regulatory terminal deoxynucleotidyl transferase-mediated biotinylated deoxyuridinetriphosphate-biotin nick end-labelling technique (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA). The mean follow-up period was 66 months. Significant correlations were found between the AI and pathological features, such as stage (p<0.001) and grade (p<0.001). Out of 50 patients, 13 (26%) had biochemical recurrence and clinical disease progression, with an AI of 1.93 (range, 0.76-5.22), while 37 patients (74%) who did not report any disease progression, had an AI of 0.58 (range, 0.1-3.12). Furthermore, the AI significantly correlated with status at the end of follow-up (r=0.75, p=0.002), these data being confirmed by Kaplan-Meier curve analysis (p<0.001). On multivariate analysis, the AI proved to be an independent prognostic factor of progression-free probability (p<0.001). Our results highlight the utility of AI analysis in assessing the probability risk of clinical progression in PCa patients who are treated with RRP.
Introduction
It is estimated that in 2007, prostate cancer (PCa) will be the most common malignancy in males, with 218,890 new cases and 27,050 deaths. Moreover, PCa alone accounts for approximately 29% of cases in men (1) . Due to the widespread introduction of the PSA test as an additional screening test (2) and the lowering of the PSA threshold from 4 to 2.5 ng/ml (3), 91% of all new cases of PCa are expected to be diagnosed at local or region stages (1) . Indeed, PCa continues to be one of the most common fatal cancers (9% of all cancer deaths) (1) and is today an important social and economic issue. Even if the pathological stage, Gleason score, surgical margin status and tumour volume are the most commonly accepted prognostic factors after radical prostatectomy, the optimum control and management of patients with PCa is principally contingent on appropriate risk-group stratification based on the correct assessment of biological and clinical features. The ability to predict the true tumour biological potential could facilitate the choice of treatment and improve patient survival rates and quality of life. To increase understanding of the cellular mechanisms underlying the development of PCa and its natural history, various potential molecular markers, in addition to standard prognostic parameters, have been described over recent years (4) (5) (6) . Much information on the natural history of PCa has also been obtained by analysing apoptosis regulation. Several authors have demonstrated that the tumour apoptotic pattern is a good prognostic marker of outcome in patients affected by PCa (7) as well as other carcinomas, such as salivary malignancies (8) or bladder cancer (9) . Moreover, the percentage of apoptotic cells, analysed by using a standardised apoptotic regulatory terminal deoxynucleotidyl transferase (TdT)-mediated biotinylated deoxyuridine-triphosphate (dUTP)-biotin nick end-labelling (TUNEL) technique, has been established as a powerful prognostic marker in numerous neoplasms (8) (9) (10) (11) . In particular, TUNEL analysis was used by Colecchia et al to evaluate the pathological changes of PCa in patients undergoing androgen ablation therapy, thus demonstrating that after three months of therapy these neoplasms showed regressive epithelial alterations with an increase in apoptotic tumour cells (7) .
The importance of apoptotic system analysis has also been confirmed in premalignant prostatic lesions such as highgrade prostatic intraepithelial neoplasia (HGPIN) (12) . In this regard, the molecular changes in apoptosis regulators have been proposed as molecular markers of HGPIN and potential candidates for therapeutic targeting/chemoprevention of PCa at an early stage (12) . However, to the best of our knowledge, no studies have been performed to evaluate the prognostic role of AI in PCa patients undergoing radical prostatectomy alone. The aim of the present study is to estimate the prognostic role of the AI, by means of the TUNEL technique, in a group of patients affected by adenocarcinoma of the prostate, who have undergone retropubic radical prostatectomy (RRP) with no adjuvant therapy.
Materials and methods
Study design. In order to evaluate the AI of prostate adenocarcinoma and correlate the results with follow-up data, all consecutive patients who had undergone RRP for histologically demonstrated adenocarcinoma of the prostate at the same urological unit between January 1994 and December 1997 were recruited for this prospective study. The study was approved by the local ethics research committee and was conducted according to the ethical principles laid down in the latest version of the Declaration of Helsinki and in line with good clinical practice (GCP) guidelines. Informed consent was obtained from all patients.
Eligibility criteria. All patients with histologically demonstrated adenocarcinoma of the prostate and willing to comply with the follow-up schedules were selected. Patients with a history of other urological cancers and those who had previously undergone prostate surgery were excluded. Also patients with other urological diseases or those who had undergone neo-adjuvant or early adjuvant therapy, such as hormonal therapy, chemotherapy or radiation therapy, were excluded. Patients who had undergone adjuvant therapy, due to disease progression or biochemical recurrence (PSA ≥0.2 ng/ml) were considered eligible for the study after the PSA had fallen to <0.001 ng/ml. The time interval from surgery to progression was recorded. Patients who had undergone neoadjuvant or early adjuvant therapy were excluded in order to obtain a valid assessment of the impact of apoptosis on the biological behaviour of PCa, without influence from other variables.
Surgical treatment technique.
All patients underwent RRP, according to the Walsh technique (13) . Bilateral iliac-obturator lymph node dissection was performed on all patients, as suggested by the European Association of Urology (EAU) Working Group on Oncological Urology guidelines (14) . RRP with pelvic lymph node dissection was performed by a number of different surgeons following standardised techniques. 
Specimen processing and in situ apoptosis evaluation.
A sample section of 30-to 40-μm thickness from each patient was deparaffinised by washing in 2 cycles of toluene for 10 min, dehydrated in a decreasing series of ethanol and finally immersed in phosphate-buffered saline (PBS) for 10 min. The material was then disaggregated with scissors and tweezers and treated with RNase for 30 min at room temperature. Each specimen was then centrifuged and re-washed with PBS and 50 ml of TUNEL reaction mixture (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) was added for 1 h at 37˚C in the dark. Subsequently, it was re-washed with PBS and centrifuged again. The samples were analysed with cytofluorometry FACS on a logarithmic scale. The apoptotic cells were identified by using TUNEL. Briefly, TUNEL is a cytofluorometric method, described by Gavrieli et al (16) , which automatically counts the cells containing DNA fragments typical of the apoptotic process. The terminal deoxynucleotidyl transferase (TdF) catalyses the nucleotide polymerization reaction, during which it inserts dUTP marked with fluorescein on the loose terminal 3-OH of the fragmented DNA molecules. The fluorescein incorporated in the nuclear fragments is then highlighted and quantified by a cytofluorometric flux method. The AI was calculated as follows: AI (%) = 100 x apoptotic cells/total cells. It was determined by counting 3,000 tumour cells in randomly chosen areas of surgical specimens on a light Table I . Patient clinical, laboratory and pathological characteristics. Lymph node evaluation N0 50 (100) N+ -
Positive surgical margins 5 (10) -------------------------------------------------
The clinical and histopathological data of all enrolled patients are shown. Data in parentheses are percentages.
microscope at x40 magnification, as described by Colecchia et al (7) .
Patient follow-up. Each patient underwent a standard followup schedule according to the individual tumour characteristics. Biochemical recurrence was defined as a single postoperative PSA ≥0.2 ng/ml, following the method of Freedland et al (17) . Radionuclide bone scans were performed at the time of biochemical recurrence and thereafter on a yearly basis, or earlier for symptoms suggestive of distant metastasis. A positive bone scan result or other radiographic or histological (lymph node biopsy) evidence of distant failure was used for the diagnosis of distant metastasis. PCa-specific mortality was defined as death in patients with metastasis showing progression after hormonal therapy, or in those not treated with hormonal therapy but with widespread metastases and no other obvious cause of death. The follow-up mean time was 66 months. Patients with no information available at follow-up were excluded from the study.
Statistical analysis.
Pearson's coefficient was adopted to evaluate the correlation between the different parameters and Fisher's exact test or Chi-square test was used to assess statistical significance, with p<0.05 accepted as significant. Two-side tests of significance were performed in all analyses. Patients without recurrence were censored at the time of last follow-up or death, and biochemical recurrence-free survival was estimated using the Kaplan-Meier method and compared with groups using the log-rank test or Cox models. By the Kaplan-Meier estimates 95% confidence intervals (CI) were calculated for the probability of surviving. Risk ratios at 95% CI were calculated by Cox proportional hazard regression. All statistical tests were performed using SPSS 11.5 for Apple-Macintosh (SPSS, Inc. Chicago, IL).
Results
Fifty patients were finally enrolled in the present study (mean age, 68.1 years; range, 55 to 75 years). Patient and tumour characteristics are summarised in Table I. AI results. The mean AI in 3,000 tumour nuclei was 1.27 (SD ±1.15). Stratified by stage, the AI results were 1.25 (SD ±0.97) for pT2 and 2.10 (SD ±1.2) for pT3, and according to Gleason Score (GS), 0.21 (SD ±0.14) for GS 2-6, 1.05 (SD ±0.14) for GS 3+4 and 2.13 (SD ±1.2) for GS 4+3 (Fig. 1) . Significant correlations were demonstrated between the AI and pathological findings, such as stage (p<0.001) and grade (p<0.001).
Follow-up results.
At the end of follow-up (mean, 66 months), 13 out of 50 patients (26%) had biochemical recurrence and clinical disease progression with PSA ≥0.2 ng/ml (mean, 1.3 ng/ml) and positive bone scan findings (mean time to progression, 36 months). These patients underwent combined anti-androgen blockade therapy (therapy with an LHRH analogue and an anti-androgen). Overall 37 out of the 50 (74%) patients were alive without any evidence of disease. Correlation with AI results and follow-up data. The AI was 0.58 (ranging from 0.1 to 3.12) in 37 patients without biochemical recurrence or clinical progression, while it was 1.93 (ranging from 0.76 to 5.22) in patients with disease progression, showing a correlation between AI and status at the end of follow-up (r=0.75, p=0.002). In addition, Kaplan-Meier curve showed a significant association between progression-free status and AI (p<0.001) (Fig. 2) .
Univariate and multivariate analysis. At univariate analysis, Gleason score, pathological stage, and PSA prior to RRP significantly correlated with progression-free probability (p=0.009, p=0.001, p=0.007, respectively). At multivariate analysis, the AI (p<0.001) was identified as an independent prognostic factor of progression-free probability (Table II) .
Discussion
Apoptosis (programmed cell death) is a tightly regulated and selective physiological process that governs the removal of supernumerary or defective cells (18) . Recently, it has also been established that disturbance of proliferation and apoptosis are essential events in early carcinogenesis in neoplastic prostate cells (19) . Several authors have clearly demonstrated that apoptosis pattern evaluation has clinical importance in urological practice, showing that the clinical progression of PCa is associated with increased cell proliferation and decreased apoptosis (7, 20) . It is also important to measure the AI in PCa or other cancers to verify the efficacy of the anti-cancer agents used (21) . The presence of apoptosis after combined endocrine therapy is a well-known phenomenon (22, 23) . However, most published studies were performed on patients undergoing either radical prostatectomy in association with adjuvant therapy or hormonal therapy alone. In the present study, apoptosis, evaluated as AI with the TUNEL technique seems to be of use as a predictor of biochemical recurrence or clinical progression in patients subjected to radical prostatectomy alone (p<0.001). AI correlated well with pathological stage and Gleason grade (p<0.001 and p<0.001, respectively), as reported by other authors (7) . These findings suggest that increased programmed cell death is a feature of the increasing malignant potential that is associated with higher Gleason score in PCa (24) . In comparing the AI with follow-up data, we noted a significant correlation between progression-free probability and AI (p<0.0001). These findings were also confirmed by Kaplan-Meier curves (p<0.001) and multivariate analysis (p<0.001) and are in accordance with other reports highlighting the role of AI in predicting progression in PCa patients (25, 26) . Thus, the most relevant fact in this study is that AI evaluation was performed on selected patients who had undergone RRP with no neo-adjuvant or early adjuvant therapy. This patient selection may be helpful in evaluating 
No. of recurrence-free patients / Multivariate analysis (p) no. of total patients (%) 
Data in parentheses are percentages. HR, hazard ratio; 95% CI, 95% confidence interval.
the real impact of apoptosis on patient outcome evaluation. In a study performed on core needle biopsy specimens with PCa, Karaburun Paker et al reported that there was no significant relation between the expression of the apoptosis regulating genes bcl-2 and p53 and Gleason score in PCa (27) . However, our study differs from that of Karaburun Paker because of the laboratory technique used. Zeng et al showed that the identification of apoptotic regulators in premalignant lesions of the prostate may have prognostic significance in disease progression, as well as therapeutic value for targeting PCa (28) . These results are in line with our data indicating the clinical prognostic importance of AI evaluation in PCa outcome. However, as Armas et al (22) postulated, data concerning the AI could be underestimated because of the possible completion of hormone regulated apoptosis after three months of therapy, the heterogeneity of androgen sensitivity among subpopulations of tumour cells, or the difficulty in detecting apoptosis by the observation of nuclear morphology in haematoxylin and eosin-stained sections. In addition, the use of apoptosis rate analysis should be considered in association with conventional prognostic factors, because of its low-cost performance ($449 for 1 kit: kit capacity, 40 assays) (http://www.upstate.com/ browse/productdetail.asp?ProductID=17-141), independent of the laboratory technician's skill (29, 30) . To the best of our knowledge this is the first study to establish a correlation between apoptosis pattern and outcome in patients with PCa after RRP that are not receiving any neo-adjuvant or early adjuvant treatment.
